Introduction
The prevalence rate of low-back pain over a lifetime is 39%. 1 Nonsurgical treatments for low-back pain are pharmacological, such as nonsteroidal anti-inflammatory drugs, physical therapy, or epidural injections. 2 Epidural injections have been widely used to treat low-back pain with sciatica. 3 There are the ways to approach the lumbar epidural space: transforaminal, interlaminar, and caudal. 4 Epidural injection is safe, but sometimes leads to serious neurological complications from intravascular injection, direct needle injury, or nerve damage, such as cauda equina syndrome (CES). 2 Caudal epidural injection (CEI) is easier than transforaminal and interlaminar epidural injection for entering the epidural space, and has minimal risk of dural puncture. 5 The disadvantages of CEI are unreliable spread of local anesthetics 6 and inaccurate placement of the needle. 7 Some studies 8, 9 have shown that transforaminal or interlaminar epidural injection can cause CES. Complications, such as transient paraplegia 10 and arachnoiditis, 11 have been reported after CEI, but we could not find any case reports on severe persistent CES after CEI. Here, we report the case of a patient with spinal stenosis suffering severe persistent CES after CEI.
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Seo et al or neurologic deficit before the visit. Low-back pain with sciatica was aggravated when walking, even standing, and relieved when he was lying down. A severe spinal stenosis and central disc extrusion at L4-L5 were observed in the lumbar spinal computerized tomography (Figure 1 ). The CEI was done using a 23-gauge syringe needle without fluoroscopic guidance in the primary hospital. The tip of the needle was advanced no further than S3 to avoid the risk of dural puncture during procedure. The physician used an injection solution with 4 mL 0.25% bupivacaine (Myungmoon Pharm Co., Seoul, Republic of Korea), 2 mL hyaluronidase (Guju Pharma, Seoul, Republic of Korea), 20 mg triamcinolone (Kukje Pharma, Gyeonggi-do, Republic of Korea), and 8.5 mL normal saline. The local anesthetics were preservative-free. Two hours after the injection, the patient suffered severe pain like a tingling sensation in both legs and at the injection site when changing position and motor weakness in both lower limbs. Twelve hours after the injection, an indwelling catheter was inserted because of voiding difficulty. The neurologic deficits had not improved 20 hours after the injection, and the patient was thus transferred to the tertiary hospital.
A physical examination in the emergency room revealed decreased sensations below both L5 dermatome with bilateral knee-flexor motor-power Medical Research Council (MRC) grade 3, hip extensors 1, ankle dorsiflexors 0, big-toe extensors 0, and ankle plantar flexors 0 with stable vital signs. The bilateral ankle deep-tendon reflex was absent. Central disc extrusion with inferior migration at L4-L5 and severe spinal stenosis were observed in lumbosacral spine magnetic resonance imaging (MRI) performed in the emergency room ( Figure 2 ). There was no specific evidence of infection or traumatic hematoma in the MRI. There was no active lesion on chest X-ray. The white blood-cell count and C-reactive proteins were within normal limits. At 24 hours after the neurologic deficits appeared, the patient underwent L4-S1 posterior decompression and fixation, due to suspected CES. We did not detect any improvement in neurological deficits after the operation. An electrophysiological study performed 1 month after the operation showed acute significant lumbosacral polyradiculopathy affecting the L5 and S1 nerve roots on both sides. Although the findings of a sensory nerve-conduction study on both superficial peroneal and sural nerves were within normal ranges, compound muscle action potentials on both the peroneal and right posterior tibial nerves were not elicited. The amplitude of the potentials on the left posterior tibial nerve was decreased (Table 1) . Neither H-reflex was elicited. Needle electromyography showed abnormal spontaneous activities in most of the myotomes from L5 to 
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Persistent cauda equina syndrome after CEI S1 on both sides. Also, no motor-unit action potential was observed or recruitment found decreased on the L5 and S1 myotomes ( Table 2) . A urodynamic study performed 4 weeks after the operation showed decreased bladder sensation during the filling phase and decreased detrusor activity during the voiding phase. When checking a gadolinium MRI that was conducted after 2 months of neurologic symptoms, we could not find any lesions causing CES. One year after the paraplegia, there was a little improvement in both ankle dorsiflexors and plantar flexors motor power, which were MRC grade 2. There was also some improvement in both hip extensors' motor power, which were MRC grade 3. However, there was no improvement in a nerve-conduction study. The patient was able to void by himself with Credé's maneuver. The patient could walk using a walker with both ankle and foot orthosis.
Discussion
Epidural steroid injection (ESI) inhibits the synthesis of prostaglandins, causing inflammation and ectopic discharge from a sensory nerve that is injured. 12, 13 The advantage of ESI is that it is a minimally invasive treatment for patients with lumbar pain.
14 ESI also has a more favorable risk-benefit profile than other treatments, such as medication, physical therapy, or surgery, and has a better cost-benefit profile than surgery. 4 However, Kane 15 and Moen et al 16 reported that serious neurologic complications occurred in three cases per 50,000 epidural injections and 32 cases per 450,000 epidural injections. This shows that significant neurologic complications after epidural injection are rare, but can result from the injection solution, mechanical ischemia, direct needle injury, or infection. 2 Complications after CEI include insomnia the night of the injection, transient nonpositional headaches that resolve within 24 hours, increased back pain, facial flushing, vasovagal reactions, episodes of nausea, and increased leg pain. 17 Among these, severe neurologic complications rarely occur. Kim and Kim 10 reported a paraplegia case with neurogenic bladder and bowel that occurred when 0.25% bupivacaine 10 mL and triamcinolone 40 mg were injected during CEI. The patient recovered fully within 4 weeks. Somanchi et al 18 reported a case of CEI with a 0.5% bupivacaine and 20 mg triamcinolone dose that caused neurotoxicity. The patient recovered fully within 8 hours. Lee et al 19 reported a paraplegia case caused by an air-acceptance test during CEI. The patient recovered fully within 7 hours. Nanjayan et al 11 reported arachnoiditis after CEI using 7 mL 1% lidocaine, 80 mg triamcinolone, and 7 mL normal saline. The patient 
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Seo et al recovered within 2 weeks of the procedure. However, in our case study, severe neurologic complications persisted over 1 year after CEI using a mixture of 4 mL 0.25% bupivacaine, 2 mL hyaluronidase, 20 mg of triamcinolone, and 8.5 mL normal saline.
We considered two possibilities for the cause of CES in our case. First, there is a possibility of drug-induced neurotoxicity, which is especially caused by local anesthetics. Several studies have reported neurologic complications after transforaminal or interlaminar epidural injection. Huntoon and Martin 8 reported CES after an L2-level transforaminal epidural injection using 0.125% bupivacaine and 40 mg triamcinolone. Kennedy et al 20 reported CES after an L3-L4 transforaminal epidural injection using 0.75% bupivacaine. Also, 0.5% hyperbaric bupivacaine, 21 2% lidocaine, 22 and 5% lidocaine 23 have been reported. Drasner et al 24 reported CES after an epidural injection solution using 5% lidocaine entered the subarachnoid space accidentally. Because there was no dural puncture or outflow of cerebrospinal fluid during CEI in our case, the direct entrance of local anesthetics to the subarachnoid space during injection can be ruled out. However, because of the absent epineurium of cauda equina, even a low concentration of local anesthetic may induce neurotoxicity. 25 While the 4 mL 0.25% bupivacaine used in our case might be a safe dose and concentration, we could not rule out local anesthetic-induced neurotoxicity.
The use of ESI is very common in many countries. Lenoir et al 26 reported CES after an L3-L4 interlaminar epidural injection using 125 mg hydrocortancyl. Bilir and Gulec 22 reported CES after epidural injection using 60 mg triamcinolone diacetate. Triamcinolone, which was used in our study, can cause spinal cord infarction, which is a complication of intravascular injection to the radicular artery when using transforaminal ESI. 27 It is considered safe, and no complications, such as spinal cord infarction or lumbosacral nerve-root injury, have been reported when using this particular steroid in CEI.
In addition to local anesthetics, the hyaluronidase was mixed in our study. Hyaluronidase acts to remove barriers between tissues through hydrolyzing glucosaminic bonds between a major intercellular material, hyaluronic acid, and connective tissues to dissolve the bonds. It also relieves fibroplasia in tissues. Hyaluronidase relieves edema and swelling in tissues. 28 The following should be avoided in patients: 1) hypersensitivity reactions to bovine proteins, 2) infection or swelling, 3) congenital heart defects, and 4) venous congestion. If hyaluronidase use follows recommended methods, there are no serious complications. 29 There is the second possibility that mechanical compression to the L5 and S1 nerve roots could cause ischemic damage. Chaudhari et al 30 reported neurologic complications after epidural injection for spinal stenosis. They considered that local anesthetic-induced edema might compress the nerve roots after epidural injection for spinal stenosis. Usubiaga et al 31 reported age-related degeneration causing a decrease in dural membrane elasticity and an increase in epidural pressure. Therefore, epidural injections to patients who are elderly and have severe stenosis or disc herniation may increase mechanical compression, which causes ischemic neurologic damage. In this study, although the patient was not elderly, mechanical compression cannot be ruled out completely. However, a decompression operation was performed 24 hours after symptoms began. It is difficult to think only of the possibility of neurological complications caused by the mechanical compression because of persistent neurologic complications.
Conclusion
Despite the use of CEI, which is known as a safer method, severe CES occurred in the patient in this study. Several studies have reported transient neurologic complications, but the neurologic complication in our case was persistent severe CES. Therefore, we recommend that clinicians check severe spinal stenosis of the lower lumbar or the lumbosacral level by computerized tomography or MRI. If the patient suffers from severe spinal stenosis, CEI should be performed with caution.
